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SUMMARY 

Multiple linear regression analysis was used to determine an equation for 
estimating hot corrosion attack for a series of Nl-base cast turbine alloys. 

The U-transform (l.e., sin- 1 (%aA/ 100) 1/2 ) was shown to give the "best" esti- 
mate of the dependent variable, y. A complete second degree equation Is 
described for the "centered" weight chemistries for the elements Cr, Al, T1, 

Mo, W, Cb, Ta, and Co. In addition linear terms for the minor elements C, B, 
and Zr were addded for a basic 47-term equation. The "best" reduced equation 
was determined by the stepwise selection method with essentially 13 terms. 

The Cr term was found to be the most Important accounting for 60 percent of 
the explained variability for turbine alloys. At a typical Cr level of 8 and 
10 percent Co with the restriction that the total refractory metal content Is 
not to exceed 20 percent the most resistant alloy Is predicted to be NI-lOCo-8 
Cr-4T1-7Al-10W-5Mo-5Ta with the nominal C, B, and Zr variations not critical. 

If the Co level were reduced to 0 percent and even more resistant alloy Is 
estimated to be N1-8Cr-4T1-4Al-10Ta-5Mo-5W. The regression analysis described 
herein explained roughly 79 percent of the total variability with a 13-term 
equation. Of the remaining 21 percent residual error, only 2 percent was shown 
to be experimental Indicating good control of the experiment. 


INTRODUCTION 

In a previous study (ref. 1) multiple linear regression techniques were 
successfully used to analyze high temperature cyclic oxidation data as a func- 
tion of sample alloy content. A series of cast nickel-base y/y' alloys were 
formulated to represent a one-quarter replicate of a 2 7 -factor1al statistical 
design for two levels of Cr, Al, T1, Mo, W, Ta and Cb content. Those 32 alloys 
were supplemented by 18 additional alloys with compositions within the statis- 
tical design. For all 50 compositions, the levels of Co, C, Zr, and B (so- 
called "tramp" variables) were nominally held constant. A regression model 
was developed which was based on the seven design variables and four tramp 
variables with their linear terms plus first order Interactions for the design 
variables with an attack parameter as the depenent variable. The Initial model 
equation Involved 32 terms at a 90 percent rejection level. From this an 
estimating equation was evolved which had 10 terms at each of two test tempera- 
tures and explained 93 percent of the total variability. 

This same approach has now been used to analyze burner rig hot corrosion 
data obtained for the same alloy compositions used In the cyclic oxidation 
study. In addition to these compositions, 36 other alloy samples were also 
tested In the hot corrosion Investigation (ref. 2). Rationale for alloy com- 
position selection, test procedures, and experimental results are detailed by 
Deadmore (ref. 2). The primary attack parameter Identified by Deadmore was 
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the percentage change In cross-sectional area (%&A) of a wedge-shaped burner 
bar measured after 300 1-hr cycles of hot corrosion testing at 900 °C In the 
flame of a Mach 0.3 burner rig seeded with 0.5 ppm Na as NaCl. 

The basic approach used here was to find the "best" transformation of the 
dependent variable, %AA, using compositions (here weight percent) In the sta- 
tistical design field. Then an additional group of test values for modified 
commercial alloys were added to expand the model to Include cobalt level varia- 
tions. Finally, the model equation was tested by applying It to test data 
obtained for 16 similar commercial and experimental nickel-base turbine 
superalloys. 


RESULTS AND DISCUSSION 

The test results for the 94 burner rig bars are listed In table I along 
with the alloy designation, bar number, and alloy chemistries In weight percent 
(wt %). The alloy attack Is In terms of percent cross-sectional area charge, 
termed %AA, as measured metallographlcally after the test Is completed and 
the sample Is cut and mounted. The alloy bars were exposed for 300 1-hr cycles 
to a Jet fuel and air flame doped with 0.5 ppm Na as NaCl environment at 900 °C 
In Mach 0.3 burner rigs. 

The data are divided Into two separate groups for purpose of analysis as 
Indicated In table I. In the first group are a series of statistically 
designed Nl-Base y/y' alloys with 10 wt %, Co-0.05 wt %, Zr-0.10 wt %, 

C-0.01 B and with high or low levels of Cr, Al, T1, W, Mo, Ta, and Cb. These 
alloy compositions are based on a one-quarter replica of a 2 7 factorial design 
supplemented with 18 additional design compositions. This group Includes eight 
sets of replicates minus a bar of alloy M-33 which was lost. To this basic set 
of 57 samples are added an additional group of 21 samples that are variations 
In most cases of the alloys U-700 and MAR-M-247 with selected levels of cobalt. 
This grouping Is termed the n = 78 data set. The second grouping defined as 
the n = 94 data set Includes the n = 78 data set as well as 16 additional 
alloy samples used for testing predlctabllltyof the derived estimating equa- 
tion. Test results for the data set lead to the basic model regression equa- 
tion used to estimate corrosion y In terms of alloy chemistry designated In 
weight percent by the element abbreviations 

2 2 2 

y = a + b. Al + b 0 Cr + ... b,,B + b.-Al + b 10 Cr + ... b, 0 Ta 

o 1 2 11 12 13 18 

+ b ig Al • Cr + b 2Q Al • T1 + ... b 4? Ta • Co + S.E.E. (1) 

This Is a complete second degree estimating equation In terms of Al, Cr, 

T1 , Mo, W, Cb, Ta, and Co along with linear terms of Zr, C, and B for a total 
of 47 terms. A nominal rejection level of 0.900 (F = 2.88) was used by the 
stepwise method (ref. 3) and analyzed by means of MINITAB on an IBM 370 com- 
puter. Also In the analysis each elemental weight percent was adjusted or 
"centered" by subtracting the group mean (ref. 4). In equation (1) S.E.E. 
stands for the Standard Error of Estimate. 

The strategy In regression analysis Is to reduce the number of terms In 
the original estimating equation as far as possible while still explaining as 
much of the total variability as possible with the lowest possible S.E.E. This 
Is termed the coefficient of multiple determination designated as R 2 . In the 
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the case of a perfect fit R 2 Is 100 percent. In addition the equation should 
be able to predict results for the same alloy variables (here alloy chemistry) 
for values similar to those used to derive the regression coefficients. 

A major problem In using equation (1) Is to determine the proper trans- 
formation of the dependent variable y. Three possible choices are: %AA 
(linear), log^o (%AA) , and a third U = sin -1 (XAA/100) 1 / 2 (ref. 5). The 
U-transform Is often used In corrosion studies where attack Is sometimes 
described In terms of a percentage of a pipe wall consumed. All three of the 
above transformations were tried on a subset of the n = 78 data set Involving 
the 57 original test samples. The U-transformatlon appeared to be the best of 
the three giving the highest R 2 for the same basic modeling equation. When 
these estimates are then transformed back to the linear values and compared to 
the original the U-transformatlon Is still superior. This was determined by 
subtracting the original %AA from the derived value transformed back to a 
%AA estimate, taking the absolute value, and then averaging all the values. 

For this study this value will be defined as the average deviation. On this 
basis the U-tranform appears satisfactory and the best available. It will be 
used exclusively for the remainder of the analysis. 

The n = 78 data set contains 14 sets of replicates. These are tests 
preformed on Identical samples from the same alloy heat. Here they were tested 
randomly throughout the three phases of the program to give a measure of the 
experimental error. They were not necessarily run together during the same run 
or even In the same test rig If run at different times. This "experimental" 
error Is thought to be more realistic because It contains any rlg-to-rlg and/or 
run-to-run varlabllty confounded with the replicate error. Table II lists the 
14 replicate tests separately by the bar number along with the %AA value and 
the U-tranform that belong to the n = 78 data set. A 15th replicate set Is 
also listed but It belongs to the last group of 16 tested. 

The regression analysis performed on the n = 78 data set Is summarized In 
table III. At the rejection level chosen based on the original 47 term model 
(l.e., Z-j = 47) a total of 12 (l.e., Zf = 12) coefficients are significant 
Including seven of the eight main effects: Al, Cr, T1, Mo, W, Cb, Ta, but not 

Co. There are five two-factor terms: Al • Mo, Al • W, Al • Ta, Cr • W and 

Mo • Co. However, because Co Is considered so Important It was added back In 
the model and the regression was recomputed. This analysis Is summarized In 
the second part of the table. The coefficients are slightly altered to accom- 
modate the Co coefficient with standard error of estimate, S.E.E. slightly 
raised from 0.1100 to 0.1108. Both reduced equations explain close to 
74 percent of the total variability (l.e., R 2 = 73.8 and 73.8, respectively). 

The derived U-transform estimates from the reduced 13-term model equation 
for the n = 78 data set are plotted In figure 1 versus the original %AA 
values using the U-transform. A perfect fit would fall along the diagonal 
straight line passing thru the origin. The two parallel lines bounding the 
diagonal line represent one standard deviation, S = +0.1108. The data plotted 
Is broken Into two groups: the circles represent the original M-serles facto- 

rial design alloys of 57 samples while the squares represent the additional 
supplement to makeup the full n = 78 data set. Possibles outliers (>±2 s) 
are shaded and their bar numbers Indicated. Possible outliers are automat- 
ically "flagged" In most regression analysis programs usually at values that 
exceed ±2 standard deviations. It Is up to the Investigator to determine 
whether there Is some physical reason to reject any of these data points. 
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Usually about 5 percent of the test values would be expected to fall w1th.1n 2 
to 3 standard deviation units. Values that exceed ±3 standard deviation units 
are more apt to be true outliers. Based on these criteria these five results 
were retained In the analysis. All U-values are listed In table IV. Also 
Included In the table are the U-estlmates for the reduced 12-term model as well 
without the Co term. Note they are extremely close. 

A plot of the residuals (l.e., Ui_ 0 b S - U-^ _ es t ) » (fig- 2 ). shows a nearly 
complete random nature. This Indicates there Is no reason to reject the valid- 
ity of this 13-term equation. 

If the five possible outliers shown In figure 1 are dropped and the 13 
coefficients are recomputed the R 2 Is raised to 84.2 percent from the orig- 
inal 73.8 percent. The S.E.E. drops to 0.0827 from 0.1108. This technique 
could be used to Improve the model equation providing these are true outliers. 

A more practical Indicator of the validity of the final reduced model Is 
how well the %AA estimate derived from the U-transform estimate agrees with 
the original %aA values. These were generated by MINITAB by taking the sine 
of the U-transform, squaring It and multiplying by 100. These are plotted 
against the original %AA values In figure 3 for Zf = 13. Again the values 
should fall on the diagonal straight line for a perfect fit. The average devi- 
ation computed from the absolute difference as described above forms the upper 
and lower bounds with a value of ±4.78. The possible outliers from figure 1 
are shown also. In general the fit appears satisfactory although the model 
tends to underestimate the attack In the higher consumption region of 
40 percent and greater. 

The ultimate test on the validity of this regression model approach Is how 
well It predicts corrosion results for a series of mostly commercial Nl-base 
turbine alloys similar In composition to the n = 78 data set. These are bars 
81 to 96 listed In table I. Table V lists the %AA and U-transforms for 
these 16 bars as well as the U-transforms and %AA estimates derived from the 
U-transform for the n = 78 set coefficients listed In table III. Figure 4 
shows the U-transform plot for the Z = 13 (l.e., 12 plus Co) set of coeffi- 
cients. The perfect fit line along with the 1 a parallel lines are also shown. 
Ten of the 16 predicted values fall within the 1 a standard deviation line with 
only one value, bar 85 the experimental alloy IV-E, as a possible outlier. 

Since 12 of the 16 are below the perfect fit line there Is a tendency as before 
to underestimate the degree of attack. Figure 5 shows the derived %AA 
estimates for the 16 bars plotted against the actual values. The perfect fit 
and average deviation parallel lines are shown also. 

The final step In this analysis Is to use all 94 data values (Including 
one additional set of replicate samples) and perform a final regression 
analysis using the U-transform starting with the same 47-term equation with 
the same approximate 0.900 rejection criterion. The equation reduces to 12 
coefficients but again omits a Co main effect that Is then added back In. 

These terms are summarized In table VI. The results are quite similar to those 
for the n = 78 data set as summarized In table III. Two minor terms the 
Cr • W and Mo • Co are replaced by a W • Co and T1 2 terms. However, 
when taken together they account for under 5 percent of the total explained 
variability. 
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For the sake of brevity, table VII lists the U-transform estimates and 
derived %AA estimates for the n = 94 data set only for bar numbers 81 to 96 
for the Zf = 13 ( 1 . e . , 12 plus Co) set of coefficient. These can be compared 
to similar values In table V. Figure 6 cross-plots the U-estlmates In 
tables V and VII versus U-observed values. It shows the Improvement as would 
be expected adding an additional 16 data points to the regression analysis and 
then Including these 16 alloy chemistries In predicting the U-tranforms and 
their derived %AA estimates. Figure 6 shows both sets of U-estlmates using 
In both cases the Z = 13 (12 plus Co) coefficients, respectively. Figure 7 Is 
a similar plot for the %AA values. 

This final estimating equation was also used to predict results for an 
additional set of statistically designed alloys (ref. 6) which are currently 
being tested and evaluated. It will further test the validity of this 
approach. 

As more data becomes available It can be added to the basic data sets and 
equation (1) can be reanalyzed or even expanded with new variables and/or 
other regression criteria. One would like to drive the R 2 values to over 
90 percent as was done for cyclic oxidation for a similar group of alloys 
(ref. 1). But this Is not so critical as giving "good" predictability for 
similar alloys which have not as yet been Incorporated In the estimating 
equation. 

The replicate runs In each data set are useful In evaluating the model. 
Because there are replicates the residual error ( 1 . e . , sum of squares) can be 
broken Into two components - the experimental error and the lack of fit. This 
total residual error accounts for just under 21 percent of the total varia- 
bility. Of this total error the replication component Is quite small, just 
under 2 percent. This tells us the experimental runs and test alloys were 
closely controlled with good reproducibility. Thus If we are to drive the 
R 2 to over 90 percent we have to do It by Improving the model rather than 
refining the test. 

The model might be modified enough so the critical F ratio In table VIII 
for example would fall below a value of 2.15. This could Include altering the 
original 47-term model as given In equation (1), finding even a better trans- 
formation than the U-transform used here or pin-pointing any true outliers and 
drop them from the model. This would be the ultimate goal for this type of 
analysis. In the meantime the existing analysis appears satisfactory for a 
number of applications. Table VIII shows a summary of the ANOVA (Analysis of 
Variance) for the n = 94, Zf = 13 data set. 

The estimating equatlon(s) can be used to note the effect of the various 
alloy constituents and in theory to design alloys that have low attack rates. 

By far the most Important element Is Cr which In general should be as high as 
possible. The A1 level should be as low as possible unless, W, Ta, and Mo are 
present. Co In general Is detrimental though the effect Is small. The other 
effects are Interrelated. This analysis Is summarized In table IX for the 
n = 94 data set for three typical Cr levels of 8, 12, and 16 percent at three 
typical Co levels of 0, 5, and 10 percent. The U-values can be computed for 
each of these 9 sets and 11 levels of A1 (2.0, 2.5, 3.0, 3.5, ... 7.0), 6 
levels of T1 , (0, 1, 2, 3, 4, 5) and 3 levels each (low, medium, and high) of 
Mo, Cb, W, and Ta. These 5346 values In each set can be scanned for the 
minimum of U-values. 
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In actual commercial turbine alloys the total refractory metal content 
rarely exceeds 20 percent. If this restriction is imposed on the estimating 
equation used above this reduced to 4422 values in each of the nine sets. 

Table IX shows the results when these sets are scanned for the minimum value 
of U-estimated. In four of the nine sets the U-estimate value is actually in 
the negative region which is effectively zero attack. The results are quite 
similar for the optimum composition levels for range of 0 to 10 Co, and 8 to 16 
Cr, Cb is 0, and Ti is 4 in all the minimum cases. A1 somewhat surprisingly 
is at its maximum since the interaction terms with W, Ta, and Mo override the 
single +A1 term. The only difference is at O.Co where the minimum is at 5.W 
and 10. Ta while at the 5 and 10. Co levels these compositions are reversed. 

Since these optimal alloy compositions are near the extremes of the alloy 
sample space where the sampling error is higher than the center of the data, 
extrapolation should be checked by further experimentation. 


SUMMARY OF RESULTS AND CONCLUSIONS 

Multiple linear regression analysis was used to determine an estimating 
equation for hot corrosion attack for a series of Ni-base cast turbine alloys. 
The U-transform ( i . e . , sin -1 (%%A/1 00) ^ ) was shown to give the "best" esti 
mate of the dependent variable, y. A complete second degree equation is 
described for the "centered" weight chemistries for the elements Cr, Al, Ti, 
Mo, W, Cb, Ta, and Co. In addition linear terms for the minor elements C, B, 
and Zr were added for a basic 47 term equation. The "best" reduced equation 
was determined by the stepwise selection method with essentially 13 terms. 

The Cr term was found to be the most important accounting for 60 percent of 
the explained variability for turbine alloys. At a typical Cr level of 8 and 
10 percent Co with the restriction that the total refractory metal contest is 
not to exceed 20 percent the most resistant alloy is predicted to be Ni-10Co-8 
Cr-4Ti-7Al-10W-5Mo-5Ta with the C, B, and Zr variations not critical. If the 
Co level were reduced to 0 percent and even more resistant alloy is estimated 
to be Ni-8Cr-4Ti-4Al-10Ta-5Mo-5W. The regression analysis described herein 
explained roughly 79 percent of the total variability with a 13-terms equation 
Of the remaining 21 percent resional error, only 2 percent was shown to be 
experimental indicating good control of the experiment. 
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TABLE I. - HOT CORROSION RESULTS FOR 94 TEST BARS FROM REF. 1 ALONG WITH ALLOY CHEMISTRY 


[Some chemistries upgraded since publication of Ref. 2. 
n = 78; plus 16 additional samples.] 


Divided into 2 sets of 


Alloy 

1 

Cr 

A1 

Ti 

W 

Mo 

Ta 

Cb 

Co 

Zr 

B 

C 

U-700-A 

1 

15.1 

4.12 

3.46 



5.00 



0 

0.10 

0.04 

0.03 

0.06 

U-700-A 

7 

15.1 

4.12 

3.46 



5.00 





0.10 

.04 

.03 

.06 

U-700 

2 

14.9 


3.60 



5.03 





17.00 

.04 

.03 

.06 

U-700 

3 

14.9 

4.08 

3.60 



5.03 





17.00 

.04 

.03 

.06 

U-700 

4 

14.76 

3.90 

3.40 



5.40 





16.83 

.02 

.02 

.04 

U-700 

10 

14.76 

3.90 

3.40 



5.40 





16.83 

.02 

.02 

.04 

U-700 

5 

15.07 

4.43 

3.43 



4.07 

' 




15.58 

.01 

.02 

.07 

M-247 

6 

8.41 

5.54 

1.03 

9 

76 

.65 

2 

98 



9.76 

.04 

.01 

.14 

M-247-B 

8 

8.50 

5.40 

.86 

10. 

50 

.65 

3 

19 



5.00 

.07 

.02 

.08 

M-247-B 

11 

8.50 

5.40 

.86 

10 

50 

.65 

3 

19 



5.00 

.07 

.02 

.08 

M-247-A 

9 

8.40 

5.10 

.98 

10. 

20 

.57 

3. 

94 



.10 

.06 

.01 

.12 

M-247-A 

14 

8.40 

5.10 

.98 

10 

20 

.57 

3 

94 



.10 

.06 

.01 

.12 

U-700-B 

12 

15.10 

4.14 

3.55 

c 


4.90 

0 



4.30 

.04 

.02 

.07 

U-700-D 

13 

14.7 

4.10 

3.61 



5.00 





12.80 





.06 

U-700-D 

16 

14.7 

4.10 

3.61 



5.00 





12.80 





.06 

U-700-C 

15 

15.00 

4.05 

3.51 



5.05 





8.60 





.02 

M-51 

50 

13.50 

4.33 

3.53 

5.85 

.01 


10 

3. 

21 

9.50 

.09 

.01 

.01 

M-52 

56 

13.90 

3.94 

3.40 

5. 

27 

.01 


10 

3 

23 

9.60 

.09 

.01 

.23 

M-53 

21 

7.40 

5.72 

1.44 

9.26 

1.33 

7 

70 

1 . 

44 

9.38 

.10 

.02 

.07 

M-M200 

79 

8.80 

4.94 

1.89 

10 

07 

.01 


10 


95 

9.86 

.11 

.01 

.03 

U-700 

69 

16.00 

3.51 

3.47 


17 

5.04 


01 


01 

14.03 

.09 

.02 

.07 

M-l 

19 

13.80 

2.21 

1.27 

9 

13 

1.18 

6 

90 

1 

27 

8.60 

.07 

.01 

.07 

M-l 

37 

13.80 

2.21 

1.27 

9. 

13 

1.18 

6 

90 

1 . 

27 

8.60 

.07 

.01 

.07 

M-2 

63 

13.10 

2.13 

1.25 

3 

13 

4.09 

7 

00 

1 

48 

8.95 

.08 

.01 

.06 

M-3 

52 

13.30 

2.26 

1.42 

3.05 

1.45 

7 

30 

1 . 

46 

9.05 

.01 

.01 

.03 

M-4 

47 

14.80 

2.19 

1.49 

3 

03 

1.55 

3 

09 

4 

37 

9.35 

.08 

.01 

.03 

M-5 

30 

14.40 

2.09 

1.42 

3. 

03 

4.38 

2 

96 

4.48 

9.12 

.10 

.01 

.07 

M-6 

24 

14.30 

2.20 

1.54 

3 

07 

1.56 

2.86 

4.42 

9.34 

.09 

.01 

.06 

M-6 

60 

14.30 

2.20 

1.54 

3.07 

1.56 

2.86 

4.42 

9.34 

.09 

.01 

.06 

M-7 

29 

13.20 

2.28 

3.10 

10 

11 

3.77 

5 

65 

3 

50 

8.48 

.08 

. 

10 

.06 

M-8 

41 

12.00 

2.15 

4.00 

3 

12 

1.35 

7 

00 

4. 

12 

8.82 

.09 

.01 

.10 

M-9 

57 

14.00 

2.28 

4.30 

9 

32 

3.95 

2 

64 

1 

54 

8.75 

.08 

.02 

.07 

M-10 

73 

13.80 

2.26 

4.93 

3 

76 

1.65 

2.97 

1. 

76 

9.20 

.09 

.01 

.05 

M-l 1 

28 

13.50 

6.64 

1.37 

8 

55 

3.76 

6 

40 

3 

77 

8.74 

.01 

.02 

.09 

M-l 2 

72 

13.00 

6.80 

1.34 

4 

56 

1.52 

7 

10 

4.03 

9.05 

.08 

.01 

.08 

M-l 3 

59 

15.10 

7.19 

1.33 

10 

59 

4.05 

2 

77 

1 

49 

9.03 

0.06 

0.02 

0.07 

M-l 4 

70 

15.60 

6.93 

1.73 

3. 

30 

1.66 

3. 

00 

1. 

77 

9.65 

.10 

.01 

.04 

M-l 5 

75 

13.50 

7.13 

4.02 

8 

94 

1.31 

6.20 

1 

80 

9.00 

.07 

.02 

.07 

M-l 6 

34 

12.60 

6.93 

4.25 

4. 

29 

4.49 

7. 

00 

1 . 

52 

8.96 

.06 

.01 

.07 

M-l 7 

66 

14.50 

7.04 

4.72 

8 

56 

1.50 

2 

58 

4 

25 

9.16 

.09 

.01 

.07 

M-18 

20 

13.30 

7.20 

4.83 

3. 

96 

4.98 

2.64 

3.81 

9.30 

.09 

.01 

.11 

M-19 

23 

8.20 

3.29 

1.25 

9 

04 

3.63 

7.10 

3 

67 

8.93 

.06 

.02 

.08 

M-20 

61 

7.70 

2.20 

1.32 

3.84 

1.45 

7 

60 

3.88 

9.43 

.06 

.01 

.05 

M-2 1 

18 

8.00 

2.34 

1.39 

2 

93 

1.33 

9 

00 

1 

57 

9.61 

.09 

.01 

.07 

M-2 1 

46 

8.00 

2.34 

1.39 

2. 

93 

1.33 

9.00 

1 . 

57 

9.61 

.09 

.01 

.07 

M-22 

58 

7.30 

2.18 

1.28 

8 

17 

3.97 

3 

05 

1 

40 

9.32 

.08 

.02 

.07 

M-23 

78 

7.90 

1.96 

1.45 

8. 

02 

1.40 

3.01 

1 . 

43 

9.41 

.08 

.01 

.06 

M-24 

77 

9.20 

1.97 

1.63 

2 

92 

1.49 

3 

20 

1 

54 

9.97 

.08 

.01 

.06 

M-25 

74 

6.60 

2.10 

3.78 

7. 

56 

1.28 

8. 

23 

1 . 

33 

8.99 

.08 

.02 

.08 

M-26 

54 

7.00 

2.13 

3.88 

3 

00 

4.03 

8 

75 

1 

42 

9.16 

.08 

.01 

.08 

M-2 7 

39 

6.90 

2.16 

3.94 

8. 

14 

1.43 

2. 

86 

4.03 

9.17 

.09 



.09 

M-28 

35 

7.60 

2.19 

4.25 

2 

34 

4.36 

2 

98 

4. 

53 

9.58 

.19 



.07 

M-28 

48 

7.60 

2.19 

4.25 

2. 

34 

4.36 

2. 

98 

4. 

53 

9.58 

.19 



.07 

M-29 

22 

8.30 

2.15 

4.72 

3 

09 

1.58 

3 

09 

3 

42 

9.00 

.09 



.06 

M-29 

32 

8.30 

2.15 

4.72 

3.09 

1.58 

3.09 

3.42 

9.00 



1 


.06 

M-30 

17 

7.30 

5.85 

1.43 

7 

92 

1.36 

8 

60 

1 

49 

9.37 



.02 

.04 

M-3 1 

43 

7.40 

5.56 

1.37 

4. 

08 

4.05 

8.80 

1 . 

51 

9.52 



.01 

.04 

M-32 

76 

8.10 

6.04 

1.51 

3 

11 

1.46 

8 

98 

1 . 

58 

9.71 



.01 

.08 

M-34 

27 

7.90 

6.10 

1.47 

8. 

68 

T . 44 

2. 

90 

1 . 

43 

9.75 

.16 

.02 

.04 

M-35 

44 

8.40 

6.13 

1.51 

3 

33 

4.66 

2 

94 

4 

13 

9.99 

.11 

.01 

.09 

M-36 

33 

8.80 

6.06 

1.55 

3.39 

4.79 

3. 

11 

1 . 

74 

9.94 

.09 

.20 

.10 

M-36 

38 

8.80 

6.06 

1.55 

3 

39 

4.79 

3 

11 

1 . 

74 

9.94 

.09 


.10 

M-37 

40 

8.70 

5.80 

1.57 

3. 

32 

1.65 

3. 

22 

4. 

37 

9.98 



.20 

M-37 

49 

8.70 

5.80 

1.57 

3 

32 

1.65 

3 

22 

4. 

37 

9.98 



.20 

M-38 

65 

9.40 

6.96 

1.98 

3. 

50 

1.63 

2. 

74 

1 . 

68 

10.15 



.08 


Other 


U 

A 


1.51 Hf 
.97 Hf 
.97 Hf 
1.04 Hf 
1.04 Hf 


1.3 Hf 
1.3 Hf 


3.1 

1.5 

6.0 

0.4 

12.7 

13.4 

10.0 

32.7 

25.6 

26.0 

34.1 

26.8 

3.6 

15.1 

16.2 

10.8 

4.1 

5.4 

22.0 

30.6 

22.6 

6.4 

3.2 

4.6 

2.0 

2.2 

1.6 

1.6 

1.0 

1.6 

13.6 

1.2 

5.0 

2.6 

.2 

3.9 

26.3 

3.0 
.4 

2.6 

4.2 

10.8 

29.8 

17.6 

11.0 

19.6 

19.2 

10.7 

17.2 

10.8 

5.3 

15.2 

21.0 

8.6 

13.4 

25.0 

24.7 

56.7 

29.4 

39.6 

31.0 

30.9 

35.2 

54.1 

29.9 


























TABLE I. - Continued. 


Alloy 

Bar 

No. 

Cr 

A1 

Ti 

W 

Mo 

Ta 

Cb 

Co 

Zr 

B 

C 

Other 

M-39 

26 

6.10 

5.71 

IKS 

7.09 

3.39 

7.95 


9.34 

.08 

.01 

.12 


M-40 

62 

6.90 

6.07 

IK: i| 

8.81 

1.29 

8.10 


9.36 

.10 

.01 

.11 


M-41 

68 

6.80 

6.37 

4.07 

4.33 

4.14 

8.18 

1.47 

9.45 

.10 

.01 

.05 


M-42 

31 

6.40 

6.07 

4.09 

4.09 

1.51 

8.61 

3.86 

9.43 

.08 

.01 

.02 


M-42 

42 

6.40 

6.07 

4.09 

4.09 

1.51 

8.61 

3.86 

9.43 

.08 

.01 

.02 


M-47 

80 

7.00 

6.23 

4.29 

3.56 

1.49 

8.59 

1.51 

9.60 

0.06 

0.01 

0.05 


M-44 

67 

7.60 

6.55 

4.23 

6.61 

4.14 

3.19 

1.53 

9.73 

.09 

.01 

.08 


M-45 

36 

7.10 

5.36 

4.39 

10.32 

1.55 

3.17 

4.15 

9.52 

.08 

.01 

.05 


M-46 

51 

8.10 

6.47 

4.51 

6.93 

1.59 

2.85 

1.72 

9.81 

.09 

.01 

.07 


M-47 

53 

7.90 

6.36 

4.42 

3.60 

4.75 

2.74 

4.51 

9.76 

.10 

.01 

.08 


M-48 

45 

8.20 

5.00 

4.48 

3.44 

4.79 

2.94 

1.74 

9.88 

.10 

.01 

.09 


M-49 

64 

7.70 

6.38 

4.74 

3.71 

1.62 

3.06 

4.65 

9.89 

.11. 

.01 

.06 


M-50 

71 

8.90 

6.45 

4.89 

3.43 

1.77 

2.90 

1.74 

10.02 

.10 

- .01 

.09 




W78 

10.63 

4.45 

2.81 

4.86 

2.69 

4.02 

2.09 

9.35 

.08 

.03 

.08 


TA2-8A 

81 

5.77 

6.60 

0.0 

3.84 

3.73 

8.74 

2.20 

0.0 

.66 

.01 

.12 


U-710 

82 

17.88 

2.52 

5.04 

1.34 

3.00 

0.0 

0.0 

13.98 

0.0 

.01 

.11 


XI -A 

83 

4.45 

4.85 

.87 

5.17 

4.47 

5.18 

4.63 

10.14 

.10 

.01 

.12 


M-42 1 

84 

18.02 

4.06 

1.81 

3.45 

1.71 

0.0 

1.87 

9.88 

.10 

.02 

.17 


I V-E 

85 

7.07 

4.87 

.98 

3.66 

3.48 

3.86 

4.08 

10.13 

.11 

.01 

.10 


M-246 

86 

10.70 

5.10 

1.80 

0.0 

0.0 

2.00 

0.0 

11.30 

.01 

.01 

.08 


XO-1 

87 

4.11 

5.94 

.87 

5.16 

4.57 

5.21 

4.76 

10.34 

.11 

.01 

.09 


U-700 

88 

15.07 

4.43 

3.43 

0.0 

4.07 

0.0 

0.0 

15.58 

.01 

.02 

.07 


U-700 

91 

15.07 

4.43 

3.43 

0.0 

4.07 

0.0 

0.0 

15.58 

.01 

.02 

.07 


IN-738 

89 

15.95 

3.50 

3.46 

2.97 

1.70 

1.65 

.88 

8.35 

.09 

.01 

.18 


B - 1 900 

90 

8.98 

6.21 

1.12 

.48 

5.83 

4.44 

.16 

10.35 

.08 

.01 

.11 


TAZ-8A 

92 

5.94 

6.20 

0.0 

6.20 

3.94 

7.97 

2.45 

0.0 

.96 

.02 

.14 


IN-100 

93 

8.95 

5.77 

4.81 

0.0 

3.03 

0.0 

0.0 

15.60 

.07 

.02 

.16 

1.02 V 

M-211 

94 

8.90 

5.04 

2.00 

4.88 

2.42 

0.0 

2.82 

10.20 

.03 

.02 

.17 


R-125 

95 

8.90 

4.70 

2.60 

7.00 

1 .90 

3.70 

0.0 

9.90 

.07 

.01 

.01 

1.6 Hf 

TRD-R 

96 

8.10 

5.30 

.83 

4.00 

2.76 

6.30 

.32 

7.95 

.12 

.02 

.13 

1.07 Hf 


W94 

10.57 

4.55 

2.67 


2.77 

3.81 

2.00 

9.52 

.09 

.03 

.09 



%t 

A 


2.9 

11.8 

16.3 

12.9 

27.5 

40.8 
26.0 

11.1 

20.3 
18.1 

21.2 

46.9 
50.7 


38.5 

1.9 

43.5 

6.2 

59.8 

47.6 

52.0 

27.9 

16.7 
.7 

46.7 

41.0 

54.9 

37.0 

26.8 

30.0 

























TABLE II. - REPLICATE 
TEST BAR RESULTS 
SELECTED FROM 
TABLE I. 


! Bar 

i 

%& A 

U-Trans 

i 

3.1 

0.176991 

7 

1.5 

.122783 

mm 

6.0 

.247267 

II 

.4 

.0632878 

N 

12.7 

.364381 

10 

13.4 

.374772 

8 

25.6 

. 530500 

11 

26.0 

.535071 

9 

34.1 

.623589 

14 

26.8 

.544145 

13 

15.1 

.399098 

16 

16.2 

.414238 

19 

6.4 

.25762 

37 

3.2 

.179853 

24 

1.6 

.126831 

60 

1.0 

.100167 

18 

17.6 

.432920 

46 

11.0 

.338065 

35 

15.2 

.400492 

48 

21.0 

.476034 

22 

8.6 

.297632 

32 

13.4 

.374772 

33 

31.0 

. 590500 

38 

30.9 

.589418 

40 

35.2 

.635147 

49 

54.1 

.826444 

31 

12.9 

.367374 

42 

27.5 

.552015 

88 

27.9 

.556485 

91 

16.7 

.420981 












TABLE III. - REGRESSION RESULTS FOR THE U-TRANSFORM (U = sin" 1 (y/100) 1/2 ) AS A 
FUNCTION OF ALLOY COMPOSITION IN wt % OF A1, Ti, Cr, Mo, Cb-, Ta, W and Co, 
THEIR TWO FACTOR INTERACTIONS AND QUADRATIC EFFECTS AS WELL AS LINEAR 


EFFECTS OF C, Zr and B. NUMBER OF DATA VALUES, n = 78. 



U = sin* 1 (%aA/T 00) 1/2 ; n = 78 Data Set 

if = 12 


if = I 2 

+ Co - 

Coefficient 

T-stat 

% explained S.S. 

Coefficient 

T-stat 

% explained S.S. 

1) A1 

+0. 03986 

+5.12 

12.7 

+0.03976 

+5.07 

12.6 

2 ) Cr 

-.04791 

-9.88 

56.6 

-.04799 

-9.81 

56.6 

3) Ti 

-.03520 

-3.45 

.8 

-.03556 

-3.43 

.8 

4) Mo 

-.02655 

-2.82 

6.0 

-.02677 

-2.82 

6.0 

5) W 

-.02666 

-5.43 

1.4 

-.02628 

-5.07, 

1.4 

6) Cb 

-.02267 

-2.32 

2.2 

-.02311 

-2.31 - 

2.2 

7) Ta 

-.02211 

-3.90 

8.6 

-.02217 

-3.88 

8.5 

8) Co 



-- 

+.00134 

+ .25 

1.3 

9) Al«Mo 

-.01292 

-2.48 

2.2 

-.01291 

-2.46 

2.1 

10) Al* W 

-.00653 

-2.45 

2.8 

-.00647 

-2.40 

2.7 

11) A1*Ta 

-.00610 

-1.98 

2.0 

-.00609 

-1.96 

2.0 

12) Cr*W 

+.00307 

+2.01 

2.8 

+.00305 

+ 1.98 

2.7 

13) Mo- Co 

+.00366 

+ 1.89 

1.9 

+.00333 

+1.42 

1.1 

o 3 0 

.39625 



.39656 



R 2 

73.8 % 



73.8 % 



S.E.E. 

±.1100 



+ .1108 



if 

12 



13 



Rejection 

•v . 90 , F = 






Prob. 

2.88 







^INITIAL = 47 terms witn R 2 = 89.1 % and S.E.E. = 0.1045; total sum of squares (i.e. 
variability) = 3.00070. 

















TABLE IV. - REGRESSION RESULTS FOR THE U-TRANSFORM and &A VALUES DERIVED 


FROM THE REGRESSION COEFFICIENTS IN TABLE FOR THE n = 78, DATA SET. 


A1 loy 

Bar No. 

&A 

U-trans. 

OBS 

U-trans-EST 
Z = 12 

U-trans-EST 
Z = 12 + Co( 13) 

%aA EST. 

U-700-A 

t 1 

3.1 

0.1770 

0.1968 

0.1905 

3.58 

U-700 

7 

1.5 

.1228 

.1968 

.1905 

3.58 

U-700 

2 

6.0 

.2475 

.3448 

.3483 

11.65 

U-700 

3 

0.4 

.0633 

.3448 

.3483 

11.65 

U-700 

4 

12.7 

.3644 

.3503 

.3528 

11.94 

U-700 

10 

13.4 

.3748 

.3503 

.3528 

11.94 

U-700 

5 

10.0 

.3218 

.3544 

.3591 

12.35 

M-247 

6 

32.7 

.6087 

.5666 

.5723 

29.33 

M-247-B 

8 

25.6 

.5305 

.5644 

.5609 

28.30 

M-247-B 

11 

26.0 

.5351 

. 5644 

.5609 

28.30 

M-247-A 

9 

34.1 

.6236 

.5866 

* .5729 

29.38 

M-247-A 

14 

26.8 

.5441 

.5866 

'.5729 

29.38 

U-700-B 

12 

3.6 

.1909 

.2345 

.2305 

5.22 

U-700-D 

13 

15.1 

.3991 

.3227 

.3237 

10.12 

U-700-D 

16 

16.2 

.4142 

.3227 

.3237 

10.12 

U-700-C 

15 

10.8 

.3349 

.2673 

.2660 

6.91 

M-51 

50 

4.1 

.2039 

.3354 

.3363 

10.89 

M-52 

56 

5.4 

.2345 

.2925 

.2934 

8.36 

M-53 

21 

22.0 

.4882 

.4152 

.4190 

16.56 

M-M-200 

74 

30.6 

.5862 

.5581 

.5636 

28.54 

U-700 

69 

22.6 

.4954 

.2163 

.2184 

4.69 

M-l 

19 

6.4 

.2558 

.1949 

.1956 

3.78 

M-l 

37 

3.2 

.1799 

.1949 

.1956 

3.78 

M-2 

63 

4.6 

.2162 

.2399 

.2398 

5.64 

M-3 

52 

2.0 

.1419 

.2222 

.2224 

4.86 

M-4 

47 

2.2 

.1489 

.1042 

.1039 

1.08 

M-5 

30 

1.6 

.1268 

.1291 

.1280 

1.63 

M-6 

24 

1.6 

.1268 

.1307 

.1304 

1.69 

M-6 

60 

1.0 

.1002 

.1307 

.1304 

1.69 

M-7 

29 

1.0 

.1002 

.1040 

.1033 

1.06 

M-8 

41 

13.6 

.3777 

.1381 

.1360 

1.84 

M-9 

57 

1.2 

.1098 

.1101 

.1101 

1.21 

M-10 

73 

5.0 

.2255 

.1007 

.1002 

1.00 

M-l 1 

28 

2.6 

.1620 

.0942 

.0946 

.89 

M-l 2 

72 

.2 

.0447 

.3498 

.3489 

11.68 

M-l 3 

59 

3.9 

.1988 

.1427 

.1452 

2.09 

M-l 4 

70 

26.3 

.5385 

.4427 

.4424 

18.33 

M-l 5 

75 

3.0 

.1741 

.1873 

.1884 

3.51 

M-16 

34 

.4 

.0633 

.1647 

.1632 

2.64 

M-17 

66 

2.6 

.1620 

.2070 

.2068 

4.22 

M-l 8 

20 

4.2 

.2064 

.2114 

.2088 

4.30 

M-19 

23 

10.8 

.3349 

.3160 

.3172 

9.73 

M-20 

61 

29.8 

.5775 

.4465 

.4469 

18.67 

M-21 

18 

17.6 

.4329 

.4919 

.4931 

22.41 

M-2 1 

46 

11.0 

.3381 

.4919 

.4931 

22.41 

M-22 

58 

19.6 

.4586 

.4732 

.4756 

20.97 

M-23 

78 

18.2 

.4536 

.4307 

.4337 

17.66 

M-24 

77 

10.7 

.3332 

.4450 

.4473 

18.71 

M-25 

74 

17.2 

.4276 

.3785 

.3795 

13.72 

M-26 

54 

10.8 

.3349 

.4632 

.4625 

19.90 

M-27 

39 

5.3 

.2323 

.3304 

.3311 

10.57 

M-28 

35 

15.2 

.4005 

.4131 

.4114 

15.99 

M-28 

48 

21.0 

.4760 

.4131 

.4114 

15.99 

M-29 

22 

8.6 

.2976 

.3574 

.3560 

12.15 

M-29 

32 

13.4 

.3748 

.3574 

.3560 

12.15 

M-30 

17 

25.0 

.5236 

.4515 

.4545 

19.28 

M-3 1 

43 

24.7 

.5201 

.5002 

.5006 

23.04 

M-32 

76 

56.7 

.8526 

.6147 

.6156 

33.34 

M-34 

27 

29.4 

.5731 

.5736 

.5779 

29.84 

M-35 

44 

39.6 

.6806 

.5818 

.5809 

30.12 

M-36 

33 

31.0 

.5905 

.5971 

.5972 

31.62 

M-36 

38 

30.8 

.5894 

.5971 

.5972 

31.62 

M-3 7 

40 

35.2 

.6351 

.6655 

.6658 

38.15 

M-37 

49 

54.1 

.8264 

.6655 

.6658 

38.15 

M-38 

65 

29.9 

.5785 

.7643 

.7658 

48.04 

M-39 

26 

2.9 

.1711 

.3323 

.3327 

10.66 

M-40 

62 

11.8 

.3507 

.3474 

.3501 

11.76 









TABLE IV. - Continued 


M-41 

68 

16.3 

.4156 

.4380 

.4376 

17.96 

M-42 

31 

12.9 

.3674 

. 5254 

.5245 

25.08 

M-42 

42 

27.5 

.5520 

.5254 

.5245 

25.08 

M-43 

80 

40.8 

.6929 

. 5737 

.5737 

29.45 

M-44 

67 

26.0 

.5351 

.4537 

.4549 

19.30 

M-45 

36 

11.1 

.3397 

.3283 

.3308 

10.55 

M-46 

51 

20.3 

.4674 

.5439 

.5460 

26.97 

M-47 

58 

18.1 

.4394 

.4920 

.4898 

22.13 

M-48 

45 

21.2 

.4785 

.4980 

.4972 

22.75 

M-49 

64 

46.9 

.7544 

.6282 

.6273 

34.45 

M-50 

71 

50.7 

.7924 

.6419 

.6422 

35.87 


TABLE V. - ESTIMATES OF THE U-TRANSFORM AND %aA VALUES FOR THE 
16 EXTRA RUNS BASED ON THE 13 REGRESSION COEFFICIENTS FROM 


TABLE III DERIVED FROM THE n = 78 DATA SET. 


Bar No. 

Alloy 

&A 

U-trans. 

OBS 

U-trans-EST 
Z = 12 + Co{ 13) 

&A EST. 

81 

TAZ-8A 

38.5 

0.6694 

0.6003 

31.91 

82 

U-710 

1.9 

.1383 

-.0361 

.13 

83 

XI -A 

43.5 

.7202 

.6247 

34.20 

84 

MM-421 

6.2 

.2516 

.1685 

2.81 

85 

IV-E 

59.8 

.8840 

.6324 

34.93 

86 

MM-246 

47.6 

.7614 

.7825 

49.71 

87 

XD-1 

52.0 

.8054 

.6428 

35.93 

88 

U-700 

27.9 

.5565 

.3591 

12.35 

91 

U-700 

16.7 

.4210 

.3591 

12.35 

89 

IN-738 

.7 

.0838 

.1707 

2.89 

90 

B- 1900 

46.7 

.7524 

.6796 

39.50 

92 

TAZ-8A 

41.0 

.6949 

.4701 

20.52 

93 

In-100 a 

54.9 

.8345 

.8226 

53.72 

94 

MM-211 

37.0 

.6539 

.7997 

51.43 

95 

R - 1 25 

26.8 

.5441 

.5046 

23.38 

96 

TRW-R 

30.0 

.5796 

.6295 

34.66 


a V content not factored in 



















TABLE VI. - REGRESSION RESULTS FOR THE U-TRANSFORM (U * sin'^y/lOO) 1/2 } 
AS A FUNCTION OF ALLOY COMPOSITION IN wt X OF A1, T1, Cr, Mo. Cb* Ta, W 
AND Co, THEIR TWO FACTOR INTERACTIONS AND QUADRATIC EFFECTS AS WELL AS 


LINEAR EFFECTS OF C, Zr and B. NUMBER OF DATA VALUES, n = 94. 



U * sin" 1 (XaA/100) 1 ^ 2 ; n = 94 Data Set 

l f = 12 


If « 12 

Co - 

Coefficient 

T-stat 

X explained S.S. 

Coefficient 

T-stat 

X explained S.S. 

1) A1 

+0.04470 

+5.91 

8.5 

+0.04372 

+5.85 

8.5 

2) Cr 

-.04590 

-10.78 

60.7 

-.04587 

-10.93 

60.0 

3) Ti 

-.04409 

-5.09 

9.8 

-.05012 

-5.47 

9.7 

4) Mo 

-.02142 

-2.67 

2.6 

-.02226 

, -2.82 

2.8 

5) W 

-.02803 

-6.53 

1.7 

-.02563 

-5.79 

1.7 

6) Cb 

-.01333 

-1.70 

.1 

-.01631 

-2.06 

.1 

7) Ta 

-.02085 

-4.20 

8.3 

-.02079 

-4.25 

7.4 

8) Co 



.... 

+.00829 

+ 1.83 

2.2 

9) Al’Mo 

-.01178 

-2.34 

.7 

-.01220 

-2.46 

.8 

10) Al'W 

-.00739 

-2.94 

3.1 

-.00721 

-2.91 

2.9 

11) Al-Ta 

-.00694 

-2.53 

2.2 

-.00649 

-2.39 

1.9 

12) W*Co 

-.00164 

-1.88 

1.8 

-.00075 

-.76 

.8 

13) Ti 2 

+.02038 

+2.26 

.5 

+.02710 

2.81 

1.1 

a 0 

.37949 



.36994 



R 2 

78.5 X 



7 9.3 X 



S.E.E. 

+ .1087 



±.1071 



If 

12 



13 



Rejection 

*,90, F = 






Prob. 

2.88 







Z INITIAL = 4 terms with R 2 = 88.1 percent and S.E.E. » 0.1071; total sum of squares 
(i.e. variability) = 4.44332. 


TABLE VII. - ESTIMATES OF THE U-TRANSFORM AND X AA VALUES FOR THE 
16 EXTRA RUNS BASED ON THE 13 REGRESSION COEFFICIENTS FROM 


TABLE VI DERIVED FROM THE n = 94 OATA SET 


m 

Alloy 

X AA 
OBS 

U-trans. 

OBS 

U-trans-EST 
Z = 12 + Co (13) 

X AA-EST 
Z = 12 + Co (13) 

81 

TAZ-8A 

38.5 

0.6694 

0.7336 

44.83 

82 

U-710 

1.9 

.1383 

.1232 

1.51 

83 

Xl-A 

43.5 

.7202 

.7102 

42.51 

84 

MM-421 

6.2 

.2516 

.1830 

3.31 

85 

IV-E 

59.8 

.8840 

.6821 

39.74 

86 

MM-246 

47.6 

.7614 

.7630 

47.76 

87 

XD-1 

52.0 

.8054 

.7308 

44.55 

88 

U-700 

27.9 

.5565 

.3995 

15.13 

91 

U-700 

16.7 

.4210 

.3995 

15.13 

89 

IN-738 

.7 

.0838 

.1294 

1.67 

90 

B- 1 900 

46.7 

.7524 

.6989 

41.39 

92 

TAZ-8A 

41.0 

.6949 

.6636 

37.94 

93 

IN-100 3 

54.9 

.8345 

.8718 

58.60 

94 

MM-211 

37.0 

.6539 

.7407 

45.54 

95 

R-125 

26.8 

.5441 

.4482 

18.78 

96 

TRW-R 

30.0 

.5796 

.6661 

38.18 


a V content not factored in 


























TABLE VIII. - ANALYSIS OF VARIANCE (ANOVA) SUMMARY FOR 
n = 94 DATA SET; Z f = 13 SHOWING SOURCES 
OF VARIATION INCLUDING LACK OF FIT 


OF THE ESTIMATING EQUATION 


Source 

mwm 

Sum of squares 

Mean squares 

Regression 

Residual 

lack of fit 3 
replication 

Total 

13 

80 

(65) 

(15) 

93 

3.5254154 
.91790306 
{ .83804974) 
( .07985332) 

4.4433185 

0.27118580 
.011473788 
( .01289307) 
( .00532355) 

r -^-b _ MS(LOF) . 0.01289307 . „ „„„ 
F rat1 ° ‘ MSffifPSJ' " O.O0532355 2 * 42Z 

S.E.E = (MSR^icya,) 1 ^ = 0.1071 ; 

Rep. STD. Deviation = (MS^) 1 ' 2 = 0.0730 


a The lack of fit term appears to be significant so an 
attempt to Improve the model and/or drop some outliers 
would be in order. 

b Thjs fj-rati^> 2.15 for (1-a) = 0.95 but < 3.04 for 


TABLE IX. - APPROXIMATE OPTIMAL COMPOSITON LEVELS FOR HOT CORROSION 
RESISTANCE FOR N1-BASE TURBINE ALLOYS AT FIXED LEVELS OF Cr AND Co 


[Total refractory metal level (W + Cb + Ta + Mo) not to exceed 
20 wt %. Coefficients used from Table VII, 

N = 94 SET, Zf = 13.] 


Fixed 

Cr 

level 

Fixed 

Co 

level 

Optimum Levels 3 for minimum attack 

Estimate 

U-trans. 

Attack 
% AA 

W 

Cb 

I! 

Mo 

Ta 

A1 

8 

0 


5 

0 


» 



10 

7 

0.1678 

2.79 

12 

0 


5 







Mm 



-.0156 

M). 

16 

0 


5 







10 



-.1991 

■vO. 

8 

5 

10 








5 



.1913 

3.62 

12 

5 













.0078 

.01 

16 

5 













-.1757 

-vO. 

8 

10 













.2121 

4.43 

12 

10 













.0286 

.08 

16 

10 













-.1549 

-0. 


a Levels scanned: W - 0, 5, 10; Cb - 0, 2.5, 5; Ti - 0, 1, 2, 3, 4, 5; 

Mo - 0, 2.5, 5; Ta - 0, 5, 10; A1 - 2, 2.5, 3, 3.5, 4, 4.5, 5, 5.5, 6, 
6.5, 7. (5313 combinations scanned for minimum U-trans. at each fixed 
Cr, Co level.) 
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(U-transform observed - U-transform estimates) U-transform, estimated 
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Figure 1. - Derived U-transform from the reduced 13-term estimating 
equation vs. U-observed for the n ■ 78 set. Vector lines represent 
the perfect fit line ± one standard deviation. 




U-transform, estimated $,AA, estimated 



Figure 3. - %AA values obtained from the derived U-transform values 
shown in figure 1 plotted against the original %AA observed values. 
Vector lines represent the perfect fit line ± one average deviation. 



U-transform, observed 


Figure 4. - Derived U-transform from the reduced 13-term estimating 
equation from the n ■ 78 vs U-observed values for bar numbers 81 to 
96 to test the predictability of the regression equation. Vector lines 
represent the perfect line ± one standard deviation. 



U-transform estimated estimated 



Figure 5. - %AA values obtained from the derived U-transform values 
shown in figure 4 plotted against the %AA observed values for bar 
numbers 81 to 96. Vector lines represent the perfect fit line ± one 
average deviation. 



U-transform observed 


Figure 6. - Derived U-transform from the reduced 13-term estimating 
equations derived from the n » 78 and n * 94 data sets, respectively, 
vs the U-observed values for bar numbers 81 to 96. Vector lines 
represent the perfect fit line ± one standard deviation from the 
n ■ 78 data set. 




Figure 7. - %AA values obtained from the derived U-transform values 
comparing the estimates plotted in figure 5 (shown as circles for the 
n * 78 data set) and the %AA values from figure 6 (the n • 94 data 
set plotted against the %AA observed values for bar numbers 81 to 
96). Vector lines represent the perfect fit line ± one average devi- 
ation from the n ■ 78 data set. 


□ • 



1. Report No. 2. Government Accession No. 

NASA TM-87020 


4. Title and Subtitle 

A Multiple Linear Regression Analysis of Hot 
Corrosion Attack on a Series of Nickel Base Turbine 
Alloys 


7. Author(s) 

Charles A. Barrett 


3. Recipient's Catalog No. 


5. Report Date 

July 1985 


6. Performing Organization Code 

505-33-62 


8. Performing Organization Report No. 

E-2491 

10. Work Unit No. 


9. Performing Organization Name and Address 

National Aeronautics and Space Administration 
Lewis Research Center 
Cleveland, Ohio 44135 


12. Sponsoring Agency Name and Address 

National Aeronautics and Space Administration 
Washington, D.C. 20546 


11. Contract or Grant No. 

13. Type of Report and Period Covered 

Technical Memorandum 


14. Sponsoring Agency Code 



16. Abstract 

Multiple Linear regression analysis was used to determine an equation for esti- 
mating hot corrosion attack for a secies of Ni-base cast turbine alloys. The 
U-transform (i.e., sin -1 (XaA/IOO) 1 ' 2 ) was shown to give the "best" estimate of 
the dependent variable, y. A complete second degree equation is described for 
the "centered" weight chemistries for the elements Cr, A1 , Ti, Mo, W, Cb, Ta, 
and Co. In addition linear terms for the minor elements C, B, and Zr were addded 
for a basic 47-term equation. The "best" reduced equation was determined by the 
stepwise selection method with essentially 13 terms. The Cr term was found to be 
the most important accounting for 60 percent of the explained variability hot 
corrosion attack. 


17. Key Words (Suggested by Authors)) 

Hot corrosion; Cast superalloys; 
Regression analysis; Corrosion estimates 


18. Distribution Statement 

Unclassified - unlimited 
STAR Category 26 


19. Security Classif. (of this report) 

Unclassified 


20. Security Classif. (of this page) 

21. No. of pages 

Unclassified 




‘For sale by the National Technical Information Service, Springfield, Virginia 22161 





















End of Document 


